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INTRODUCTION

It has long been recognized that estrogenic steroid hormones, particularly 17 B-estradiol (E,) can promote
the development of breast tumors. Besides stimulating cell proliferation, there is increasing experimental
evidence that estrogens may also be activated into genotoxic hydroxy metabolites that cause DNA
mutations. In addition, some of the same metabolites may bind irreversibly to estrogen receptors, and thus
stimulate cell proliferation permanently.

Major pathways through which hydroxy metabolites of estrogens (estrone [E4]} and estradiol [E;]) are
formed are the 16a-hydroxylation pathway — which leads to formation of 16c-hydroxy E, and estriol — and
pathways that lead to 2- and 4-hydroxy (“catechol’) estrogens. Preliminary epidemiological evidence
suggests that estrogen metabolism via the 160-hydroxy pathway is increased in breast cancer patients
compared to controls, and an inverse relationship has been found between breast cancer risk and the
ratio of urinary concentrations of 2-hydroxy/4-hydroxy or 2-methoxy/4-methoxy estrogens.

Amongst key enzymes involved in the natural conversion of estrogens to hydroxy estrogens are
CYP1A1, CYP1B1, and CYP3A4. Furthermore, catechol-O-methyl transferase (COMT) is a key enzyme in
the methoxylation of 2- and 4- hydroxyl groups, thus leading to methoxy estrogens. Methoxylation is a
major pathway for the inactivation of the chemically very reactive catechol estrogens. in addition,
experimental studies indicate that the methoxy metabolites inhibit tumor formation and development by
decreasing cell growth, and inhibiting the formation of blood vessels in tumors.

Given these various observations, it has been hypothesised that breast cancer risk would be lower in
women who produce more 2- and 4-metyhoxy estrogens relative to the levels of the corresponding
hydroxy! estrogens. To examine the above hypotheses, we have started a case-control study nested
within a large prospective cohort (the ‘DOM’ cohort, the Netherlands), with the following specific aims:

1) examine relationships of post-menopausal breast cancer risk with absolute and relative
prediagnostic urine levels of 2-hydroxy, 4-hydroxy, 16a-hydroxy, 2-methoxy and 4-methoxy
metabolites of E; and E,

2) examine relationship of polymorphic variants of genes encoding estrogen-metabolizing enzymes
(CYP1A1, CYP1B1, CYP3A4 and COMT) to urinary levels of the various estrogen metabolites, as
well as to breast cancer risk.

Our project is designed as a case-control study nested within a large prospective cohort, using urine
and DNA samples collected from more than 50,000 women in the Dutch city of Utrecht and surroundings
(“DOM" cohort). This cohort is unique, in that large volumes (50-100 ml) of urine were collected and stored
for all study subjects. The majority of women in the cohort also provided a second (and even third) urine
sample. The samples were stored in a large frozen warehouse. Relatively large volumes of urine (>10 ml)
are needed to measure the estrogen metabolites, by gas chromatography coupled with mass
spectrometry (GCMS). Cases and controls are selected among women who were post-menopausal at
recruitment, and who did not use hormone replacement therapy. For about 60% of women who provided a



second urine sample within a time interval of about one year we also incorporated this second sample in
our study, so as to improve exposure measurements.

BODY

For year 2, our work plan was (as in the “Statement of Work” of the original grant application):

1) _Measurements of urinary measurements of estrogen metabolites by GC/MS (work subcontracted ™~
to the University of Minnesota): Task 3 (months 13-24)

2} Preparation of an exhaustive catalogue of polymorphisms in the CYP1A1, CYP1B1, CYP3A4 and
COMT genes by searching the literature, and by DHPLC analysis. Complete genotyping of all 300
breast cancer cases and controls: Task 5 (months 13-18)

3) Statistical analyses of relationships of genotypes with urinary estrogen metabolites and breast
cancer risk: Task 7 (months 12-24)

Al tasks foreseen for year 2 had some delay:

Task 3: In this second year of the project, the personnel hired in Dr. Kurzer's laboratory were trained, and
urinary analyses started in October 2003. However, after measuring about 30 samples, the analyses were
stopped. In those first samples, only estrone and 2-methoxyestradiol were detected and measured in all
subjects, while estrio! and 2-hydroxyestrone were detected in 80% of the subjects, 2methoxyestrone and
2-hydroxyestradiol were detected in 50% of the subjects, 4hydroxy estrone, 16alfa hydroxyl estrone and
4hydroxy estradiol were measured in less than 30% of the subjects, and estradiol, 4methoxyestradiol and
4methoxyestrone were not detected at all in any of the subjects. We thought that these disappointing
results may have been due to either the instability of some of the metabolites over time (the urine samples
of the DOM cohort have been stored for more than 20 years at ~20°C without any preservative agent), or
to a problem of sensitivity of the method, or to both problems.

Since estradiol, estrone, 2-hydroxy estrogens and 16alfa hydroxy estrone had been successfully
measured by immunoassays on urine samples from the same cohort (1) the degradation over time of the
metabolites did not seem to be a major issue to us (even though some degradation may still have
occurred, and absolute concentrations in the DOM samples may be lower than the concentrations found in
fresh urines). We therefore checked if the current method used in Dr. Kurzer's laboratory was sensitive
enough for the detection of estrogen metabolites in urine samples from post-menopausal women. Dr.
Kurzer ran some analyses on forty post-menopausal urine samples, which had been stored with ascorbic
acid at —20°C for one year. In those relatively “fresh” urine samples, the results obtained were generally
comparable to those obtained when running analyses on the DOM samples, but for estradiol (that was
measured on 48% of the subjects, compared to 0% in the DOM samples) and 2hydroxy estradiol
(detected in 70% of the subjects, compared to the 30% in the DOM samples). For all other hormones,
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problems of sensitivity were still observed. It thus appears that the major problem for the continuation of
the study was the lack of sensitivity of the method used for the assays (the detection limit was finally
determined to be about 2ng/ml).

To overcome this problem, some tests had been run in Dr. Kurzer's laboratory to increase the
sensitivity of the method, by using more volume of the urine samples (30 ml rather than 15ml), and by
concentrating the final solution injected into the gas chromatography/mass spectrometry. Unfortunately,
none of these tests gave satisfactory results.

In the laboratory of the Nutrition and Hormones Group at the International Agency for Research on
Cancer (IARC), a method for the analyses of estrogen metabolites in blood is being developed (supported
by a small grant [R03] from the National Cancer Institute, Bethesda, USA; PI Dr Marlin Friesen). This
method is also based on gas chromatography/mass spectrometry detection, but the use of a negative
chemical ionization for the mass spectrometer detection increases the sensitivity of about 100 times
compared to the sensitivity obtained by electron impact (the method of detection used in Dr. Kurzer's
laboratory). We have good hopes that this method can be applied not only to measurements in blood, but
also to urine samples. The setting up of the method at IARC started in 2002, and is planned to be
completed by the end of 2004. Initial tests for sensitivity on standards and surcharged serum samples
resulted in a detection limit of about 50pg/ml, well below the absolute concentrations found in urine
samples for most of the metabolites. We propose to use this alternative method for the analyses of the
urinary estrogen metabolites in the DOM cohort.

Task 5: A catalogue of polymorphisms has been prepared. We have not yet started genotyping, however,

as we feel that our problems in measuring the urinary estrogen metabolites should first be resolved.

Task 7: Since no measurements of estrogen metabolites were available, statistical analyses could not be
run.

KEY RESEARCH ACCOMPLISHMENTS

No key accomplishments have been realized in year 2.

REPORTABLE OUTCOMES

There are no reportable outcomes so far.

CONCLUSIONS

Our study encountered some major problems in the analyses of the urinary estrogen metabolites, and is
therefore substantially delayed. Alternatives to the current method used for those analyses are proposed.
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